Introduction
When nuclear envelopes o f vertebrate cells w ere treated with T riton X-100 and high salt concen trations, there rem ained an insoluble residue (pore com plex-lam ina) which m ainly consisted o f a set o f proteins with M r = 6 5 0 0 0 -7 5 0 0 0 [1] , T hese lam ins were shown to be located in close contact to the inner nuclear m em brane, w here they form a fib ril lar network or a dense lam ina, d epending on the organism used [2] , D uring the open m itosis o f ver tebrate cells the lam in netw ork is depolym erized before or during nuclear envelope breakdow n [3] , W hen we recently isolated the insoluble residue o f rapidly dividing (log-phase) Saccharomyces cere visiae cells (an organism w ith closed m itosis), no proteins with the characteristic M T o f vertebrate lamins were found to be enriched [4] . In this repo rt we describe the extension o f o u r studies to resting yeast cells, and the search for yeast nuclear proteins cross-reacting with antibodies raised against a vertebrate lamin.
Experimental

GI arrest o f yeast cells
The Saccharomyces cerevisiae strain a cat 1 .S3 -14A [5] was used to obtain crude a m ating pherom one. The cells were grow n at 30 °C in a Reprint requests to K. Mann. 
Isolation o f nuclear fractions
The arrested cells were converted to p ro to p lasts with Zymolyase as described [7] , In som e ex p eri ments partially purified a m atin g p h ero m o n e was added to the protoplasts m edium . N uclei w ere isolated from protoplasts as in [7] w ith two modifications: the protoplast ho m o g en ate w'as cen trifuged for 2 0 min, and the final p u rificatio n step was centrifugation through a disco n tin u o u s Ficoll gradient with zones o f equal volum e co ntaining 35%, 43%, and 50% Ficoll. C entrifugation was at 120000gav for 2 h. T he nuclear m em branes and the Triton X-100 and high salt resistant residue were isolated as in [4] ,
Analytical procedures
Polyacrylam ide gel electrophoresis was done as in [8] , Protein was estim ated as in [9] after p re c ip ita tion as in [10] . RN A and D N A w ere m easured as in [11] and [12] . P reparation o f sam ples for electron microscopy was done as in [7] ,
Immunochemical procedures
The proteins o f the nuclear fractions were tran s ferred to nitrocellulose sheets (M illipore H A W P) from 10%) polyacrylam ide gels according to [13] as m odified in [14] . C ontrol blots w ere stained w ith am idoblack (0.1% in 45% m e th a n o l-10% acetic acid; destained in 907» methanol-27o acetic acid). The nitrocellulose sheets to be tested w ith antisera were washed in p h o sphate-buffered saline (PBS) co n tain ing 0.1% bovine serum alb u m in (BSA) and 0.057o Triton X-100 for 15 min. R esidual protein binding capacity o f the nitrocellulose sheets was then blocked by bathing them in PBS containing 17o BSA for 8 h. The sheets w ere then incubated over night with anti-lam in serum raised in rabbits against the pore com plex-lam ina fraction o f chicken ery th ro cytes. All antisera were a generous gift o f R. Stick from the M ax-Planck-Institut für V irologie, T ü bingen. For further ch aracterizatio n o f the rab b it anti-(chicken lam in) serum see references [14] and [15] . The rabbit serum was d ilu ted 1:500 w ith PBS containing 0.1 % > BSA and 0.1 % T riton X-100 before use. The nitrocellulose sheets (10x5 cm ) treated with anti-(lam in) serum w ere then w ashed 4x in 50 ml of PBS containing 0.17o T riton X-100 for 3 h altogether. The w ashed sheets w ere treated w ith goat anti-(rabbit im m unoglobulin) serum diluted 1:100 in PBS containing 0.1% BSA and 0.1%> T riton X-100 for 2 h. A fter w ashing as above, the n itro cellulose sheets were finally incubated w ith peroxi After 5-15 min the reaction was sto p p ed by washing the nitrocellulose sheets in w ater. All steps were done at room tem p eratu re. T reatm en t o f n i trocellulose sheets w ith antisera was done in sealed plastic bags to reduce the am o u n t o f an tiseru m needed. Xenopus laevis pore co m p lex -lam in a p ro teins provided by R. Stick were used as co n trol [14] .
Results and Discussion
G1 arrest of yeast cells
The Because the protoplasting procedure was rath er lengthy, we added partially p urified a m ating pherom one to the protoplasting m edium in som e experim ents. A lternatively we used /7-2-D.L-thienylalanine (500 j.ig/ml), w hich is know n to keep m ating pherom one arrested cells in G 1 phase after rem oval of the pherom one [17] , These precautions were however unnecessary. T hey did not change the results obtained w ith pure protoplasting m edium .
Isolation o f nuclear fractions
Initially we tried to isolate nuclei from arrested cells with exactly the sam e procedure used for logphase nuclei [7] , H ow ever, electron m icroscopic inspection of the isolated nuclei show ed the presence o f large sm ooth vesicles containing m asses of ribosom es and endoplasm atic reticulum ele ments. These m ulti-organelle vesicles probably arose during the hom ogenization o f protoplasts by fragm entation and resealing o f the plasm a m em brane, which seem ed to be m ore delicate than the plasma m em brane o f cells not treated w ith m ating pherom one. The relative n u m b er o f this vesicles could be reduced by reducing h o m ogenization in tensity, and by the change in the purificatio n procedure described in section 2. H ow ever, electron microscopy as well as analytical d ata show ed that the G1 nuclear fraction was m uch m ore con tam inated than log-phase nuclear preparations. DNA recovery was 2 5 -3 0 % in both cases. Logphase nuclei show ed a D N A /p ro te in ratio o f 0.044 and a R N A /protein ratio of 0.22. The corresponding ratios for G 1 phase nuclei were 0.028 and 0.27. DNA enrichm ent from hom ogenate to final nuclear pellet, m easured in (ig D N A /m g protein, was 1 0 -l l x for log-phase nuclei and 7 -8 x for G1 phase nuclei. The G 1 phase nuclei did not contain long m icrotubules or spindles, as they were often seen in log-phase nuclei [7] , Because the co n tam in a tions of the G1 phase nuclear fraction w ere apparently rem oved during the isolation o f the Triton X-100 and high salt resistant residue o f the nuclear m em branes, we did not try to purify the nuclei further.
N uclear m em branes and the insoluble residue could be isolated from the G 1 phase nuclear frac tion exactly as described for these fractions from log-phase nuclei [4] , W hen the poly acry lam id e electrophoretic protein p attern o f the insoluble m em brane residues from both types o f nuclei was com pared, no q ualitative or q u an tita tiv e difference was visible. We concluded, th at, if the yeast nuclear envelope Triton X-100 and high salt resistant residue would be the eq uivalent o f the v erteb rate nuclear lam ina, it w ould have to grow co ntinually when the nucleus becom es stretched and finally constricts and divides into two.
Immunochemical experiments
Because there were som e m in o r (i.e. not enriched)
proteins of A/r = 5 0 0 0 0 -8 5 0 0 0 in the electro phoretic protein p attern o f the yeast nuclear envelope insoluble residue [7] we decided to look for proteins showing im m unological cross-reaction with vertebrate lamins. The an tiseru m we used had been prepared in rabbits against chicken lam ins and had shown a good interspecies cross-reaction w ith rat, mouse, and Xenopus laevis tissue lam ins [15] .
We were however not able to detect any specific cross-react ion of this antiserum w ith electrophoretically separated proteins from Saccharomyces cerevisiae nuclei, nuclear m em branes, or th e T rito n X-100 and high salt resistant resid u e o f the nuclear membrans. This result, to g eth er w ith the results on the nuclear m em brane residue p ro tein p attern , indicate that this latter fraction is som ething different from the vertebrate pore co m plex-lam ina. Therefore it is still an open questio n w h eth er yeasts have any functional equivalent to the v erteb rate lamina at all. F urtherm ore, we suppose th a t the lamins were an acquisition m ade at the earliest together with open m itosis on the p ath o f evolution.
